although technically a late transition metal, has fewer d electrons than platinum. The ligands in this complex adopt a tetrahedral arrangement around the metal, which permits iridium's d electrons to be accommodated without destabilizing the terminal oxo group. Sub sequently isolated LTMO complexes incorporated electron-poor ligands, which probably withdraw electron density from the metal-oxo unit, thus reducing electron-electron repulsion. In this way, terminal oxo complexes of platinum 2 , palladium 3 and gold 4 were made. But Poverenov et al. 5 have made a platinum terminal oxo complex that has non-electronwithdrawing ligands. The authors treated a conventional platinum complex that lacks oxygen ligands with a compound (dimethyl dioxirane) that acts as a potent oxygen-atom donor. The resulting product (Fig. 1b) is sufficiently stable, both as a powder and in solution, to be extensively characterized at room temperature. Remarkably, the ligand (an aromatic ring) opposite the oxo group on the metal is not an electron-withdrawing group -in fact, it actually donates electrons to the platinum. The authors used quantum-mechanical calculations to show that empty orbitals on this aryl ligand are too high in energy to receive electron density from the metal. Furthermore, Cell death in animals mainly proceeds through the programmed process of apoptosis. In vertebrates, this usually occurs by means of a pathway involving the mitochondrion, a cellular organelle 1 . Following damaging cellular stress, the outer mitochondrial membrane becomes permeable, and factors are released into the cytoplasm that precipitate apoptosis. The pro-apoptotic effector proteins of the BCL-2 family -BAK and BAX -are responsible for permeabilizing the membrane, yet there is little structural information on the main protein-protein inter actions necessary to promote this mitochondrial event. On page 1076 of this issue, Walensky, Tjandra and colleagues 2 present an intriguing structural analysis of the inter actions between BAX and one of its activators, revealing an unsuspected binding site.
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Proteins of the BCL-2 family control the integrity of the outer mitochondrial membrane and are divided into three subfamilies: anti-apoptotic proteins, pro-apoptotic effectors
APOPTOSIS

Stabbed in the BAX
Douglas R. Green and Jerry E. Chipuk
Apoptotic cell death is an intricate and highly regulated process. To initiate apoptosis, the protein BIM binds to a hitherto unrecognized site on the BAX protein to trigger permeabilization of the outer mitochondrial membrane.
the other ligands in the complex are also more electron-donating than electron-accepting in character.
The stability of Poverenov and colleagues' complex is intriguing. The most widely used strategy for stabilizing reactive moieties -both in chemistry and biology -is to encapsulate them with other groups so that they can't interact and react with neighbouring molecules. But the authors show that such 'steric' protection doesn't happen in their compound: analytical data and structural predictions, along with the reactivity of the complex, all indicate that the platinum-oxygen bond is at least partly exposed. Thus, no convincing electronic or steric argument can be made to explain why the compound is stable.
Of course, extraordinary claims require extraordinary evidence. In this case, given that the reactivity of the authors' compound is lower than that expected for LTMO complexes, the proposed structure seems highly improbable -but it has been characterized by a commensurately extensive and convincing ensemble of techniques. Although the authors were not able to obtain an X-ray structure of the compound, several lines of evidence establish that their proposed structure, complete with a partly exposed terminal oxo ligand that lies out of the plane formed by the other ligands, is correct. Specifically, their X-ray spectroscopy data agree with predictions from computational modelling of the proposed structure; the infrared spectrum of the complex contains a signal characteristic of a multiple platinum-oxygen bond; and mass spectrometry data show that the molecular mass of the complex is the same as that of the proposed structure.
A similar battery of evidence strongly suggests that the oxidation state of the platinum atom in the complex is consistent with Poverenov and colleagues' suggested structure.
And as if all this weren't enough, the observed chemical reactions of the compound also support the authors' interpretation of the data: it transfers its oxo oxygen from the platinum atom to the adjacent phosphorus ligand, reacts with water, and takes part in other reactions that collectively are best explained by assuming a terminal oxo structure.
Poverenov and colleagues' findings 5 go a long way to substantiating the previous reports of platinum 2 , palladium 3 and gold 4 oxo complexes. This, in turn, makes it hard to argue that LTMO complexes don't exist, as might reasonably have been argued before on the basis of conventional wisdom about modes of chemical bonding. On the contrary, it seems that they might be fairly widespread. They can certainly now be regarded as realistic candidates for intermediates in many important catalytic reactions that involve oxygen.
The report of this remarkable platinum complex 5 also raises many questions. What is it that stabilizes certain LTMO compounds, and how common are these stabilization mechanisms in other complexes that contain different ligands and/or different arrangements of ligands? Do terminal ligands other than oxo groups exist, in which atoms such as nitrogen or sulphur form multiple bonds to noble metals? And how might LTMO complexes take part in the widely used technologies that involve noble metals as catalysts? The answers to these questions will be of great fundamental and practical interest. and BH3-only proteins (so called because, of the four evolutionarily conserved BCL-2-homology (BH) domains, only BH3 is present in these proteins) 3 . Anti-apoptotic BCL-2 proteins prevent apoptosis by inhibiting permeabilization of the membrane, whereas the BH3-only proteins promote it. When BAK and BAX are activated, they 'homo-oligomerize' -that is, they form complexes of either BAX-only or BAK-only molecules. These oligomers assemble in the outer mitochondrial membrane, causing its disruption. Proteins localized between the outer and inner membranes, such as cytochrome c, can then diffuse into the cytosol. Cytochrome c and other released proteins cooperate with cytosolic factors, leading to the activation of caspase enzymes that are responsible for the features of apoptosis. But even without caspase activation, permeabilized outer mitochondrial membranes can be sufficiently catastrophic to cause cell death.
The BH3-only proteins promote permeabilization of the outer mitochondrial membrane by regulating the other two subfamilies. These proteins bind to, and thereby inhibit, the anti-apoptotic BCL-2 proteins. Also, at least two BH3-only proteins -BID and BIM -directly activate BAK and/or BAX, allowing them to insert in the outer mitochondrial membrane, oligomerize there and permeabilize the membrane (BID and BIM are therefore referred to as direct activators). Although considerable structural and biochemical data 4 have revealed how the BH3 domain of BH3-only proteins tightly binds to and inhibits the anti-apoptotic BCL-2 proteins, until now very little was understood about how the BH3 domains of BID or BIM induce the permeabilization activity of BAK and BAX.
Walensky and colleagues 5, 6 showed previously that BH3-domain peptides from BID and BIM can be 'stapled' into an α-helical conformation called SAHB (stabilized α-helices of BCL-2 domains), which can bind to and activate BAX. Now, using a combination of structural techniques, the authors 2 provide the first glimpse of how the SAHB peptide of BIM interacts with BAX.
If BAX behaved like the structurally similar anti-apoptotic proteins, such as BCL-x L or MCL-1, then BIM SAHB would bind to the conventional hydrophobic BH3-binding pocket at the 'front' of the BAX protein (Fig. 1a) . However, unexpectedly, BIM SAHB stabs BAX in the 'back' . Consequently, the region of BAX adjacent to its amino-terminal α-helix (α1) swings outwards (Fig. 1b) . Other conformational changes not seen in this structure must also occur, as the authors find that an amino-terminal motif in α1 (dubbed 6A7) becomes exposed when BAX monomers are activated by BIM SAHB.
In agreement with these results, a previous biochemical study 7 suggested that cytosolic p53 -a direct activator that does not belong to the BCL-2 family -binds to a similar region in BAK to that described for the BIM-SAHB-BAX interaction. However, the findings contrast with another study 8 showing that the BH3 domain of BID binds to BAK in the conventional hydrophobic BH3-binding pocket. As we will see, these observations are not necessarily incompatible.
A milestone in understanding proteins of the BCL-2 family will be to unravel how BAK and BAX form homo-oligomers, because this process seems to be essential for the permeabilization of the outer mitochondrial membrane. Earlier this year, researchers investigating BAK provided some notable clues. Using biochemical approaches, those authors showed 9 that, during BID-induced BAK activation, BAK exposes its BH3 domain, probably revealing a groove corresponding to the hydrophobic BH pocket of the anti-apoptotic proteins at the front of the molecule. Two activated BAK molecules with their BH3 regions exposed then seem to interact with each other's grooves to form a BAK dimer.
Mutational analysis of BAX supports similar interactions in this molecule 10 . By inference, we propose that the binding of BIM SAHB to BAX results in a conformational change that constrains the front of BAX. The carboxyterminal tail of BAX, which normally resides in the front hydrophobic BH pocket, pops out, as, presumably, does the region containing the BH3 domain. Two such BAX molecules can then form 'nose-to-nose' dimers (Fig. 2a) . If this model is correct, BAX with mutations in its BH3 region or in crucial residues in its hydrophobic groove would still bind to BIM SAHB but would not form oligomers or cause permeabilization of the outer mitochondrial membrane. Indeed, such mutations in BAX destroy its function 10 , but whether BIM SAHB would still bind remains unknown.
A problem with the idea of nose-to-nose dimer formation is that BAK and BAX form higher-order homo-oligomers that seem to be required for their apoptotic function. It is possible that there is at least one more inter action surface on BAX and BAK that mediates homooligomerization; and it is tempting to speculate that this surface is exposed when α1 is displaced by BIM SAHB (and presumably by the full-length BIM protein, or any other direct activator). As BID and BIM are not found in oligomers of BAX or BAK, homo-oligomerization at this surface might then displace the directactivator protein (Fig. 2b) . Inter actions of the BID or BIM BH3 domain with the revealed BH pocket might also help to stabilize this intermediate structure and facilitate oligomerization at the nose-to-nose interface. If so, there might actually be two interaction sites between BAX (or BAK) and their activators, one at the back and one at the front. We do not know the conformations of the activated (dimerized or oligomerized) forms of BAK or BAX, nor can we reasonably model the nose-to-nose dimers at this point. But the pieces are starting to come together as we puzzle out how these killers do the dastardly deed of triggering apoptosis. ■
ASTROPHYSICS
How do galaxies form?
Sidney van den Bergh A study of galaxies indicates that galaxy formation may be regulated by a single parameter. This unexpected finding shows that prevailing views on the process could need revision.
The current theory of galaxy formation holds that galaxies were assembled through the chaotic hierarchical merging of massive haloes of dark matter, in which star-forming matter was later embedded. One would therefore expect the properties of individual galaxies to be determined by numerous independent factors, such as star-forming history, merger history, mass, angular momentum, size and environment. It is thus surprising that galaxies seem to form an (almost) one-parameter family in which their mass is the dominant factor, as an investigation by Disney et al. 1 (on page 1082 of this issue) suggests.
New observations often provide a fresh perspective on the Universe, thus opening another window through which to view ancient problems. Disney et al. 1 provide a catalogue of roughly 200 galaxies -from giant spirals to extreme dwarfs -that were selected from a large, blind sky survey for neutral hydrogen (Hi) emission using the hydrogen spectral line at a wavelength of 21 cm. For each galaxy in the catalogue, they measured a number of quantities: the total hydrogen mass; the width of the hydrogen spectral line; the redshift; the inclination with respect to the line of sight; two radii, containing 50% and 90% of the light, respectively; and the optical luminosity in four different colour bands. These various measurements provide a handle on the main properties of individual galaxies.
The Hi-selected galaxies seem to have colours comprising two components: a 'rogue' colour, which probably correlates with the recent star-forming history of the galaxy, and a systematic component that relates to the mean age of the stellar population in the galaxy. (Both rogue colour and galaxy morphology, according to Hubble's morphological classification scheme, are strongly correlated with galaxy environment.) Because the nature of a galaxy's colour is complex, Disney et al. initially neglect it and concentrate on the other factors that describe the galaxies in their sample. From a principal-component analysis of their data, which basically reduces the dimensionality of the data by identifying directions -the principal components -along which the variation in the data is maximal, Disney and colleagues find that the six independent components that they use to describe the galaxies in their sample (including the systematic colour) are all correlated with each other and with a single principal component -the galaxy's mass. In other words, galaxies seem to constitute a single 'fundamental line' in parameter space.
The authors argue that such simplicity is difficult to understand within the framework of the theory of hierarchical galaxy merging. This is because it is expected that the evolution of individual galaxies depends on various factors: on the details of their chaotic-merger history (Fig. 1) -in particular the masses, spins and gas content of the individual merging galaxies, and on the density, temperature and turbulence of the environment in which a galaxy is assembled.
Disney and colleagues' work follows closely in the footsteps of an earlier study by Gavazzi et al. 2 . This showed that the radii of galaxies, measured at a blue-band surface brightness of 25 magnitudes per square arcsecond, are closely correlated with their luminosities, and that this correlation does not depend on galaxy environment. From this observation, Gavazzi et al. concluded that, to first order, the present colours and radii of galaxies can be linked to a Figure 1 | Merger activity. Here, two spiral galaxies (NGC 6050 and IC 1179) are caught in the act of colliding. The prevailing theory of galaxy formation holds that the evolution of individual galaxies will depend on the details of their chaotic merger history -in particular the masses, spins and gas content of the individual merging galaxies -as well as on the environment in which a galaxy is assembled. But Disney et al.
1 find that galaxy formation seems to correlate most strongly with the present-day mass of the galaxy.
